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(54) Architecture for a photonic transport network

(57) The architecture for a photonic transport net-

work 20 provides for separation of passthru channels 8

form the drop channels 9 at the input of a switching node

20-1. A wavelength switching sub-system 10 switches

the passthru channels 8, without OEO conversion. The

drop channels 9 are directed to broadband receiver of

choice using a broadcast and select drop tree 91. The

add channels 91 are inserted at the output side of the

node 20-1, using tunable transponders. In addition, a

passthru channel 8maybeOEO converted if signal con-

ditioning and/or wavelength conversion are necessary.

The transponders 23, regenerators 24 and transceivers

27 are not wavelength specific, allowing flexible and

scaleable network configurations. This structure pro-

vides for fast provisioning of new services and 'class of

service
1 compliant failure recovery.
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Description

[0001] The invention is directed to a telecommunica-

tion network, and in particular to a architecture for a pho-

tonic transport network. s

[0002] Expansion of long haul optical communication

networks has been fueled by data traffic, and is estimat-

ed to be in the order of 70-1 50%. Particularly, since the

popularity of the World Wide Web has enabled business

transactions over the Internet, IP (Internet Protocol) and
IP-based services have grown and evolved dramatical-

[0003] The flexibility (agility) of the^ current network

comes at the expense of cost and scalability. Network

flexibility is delivered electronically, and thus requires

termination of photonic layer, using optical-electrical-

optical (OEO) interfaces. 65-70% of nodal OEO is for

managed pass-thru, or so called 'hidden regenerators'

or "hidden regens*. There is a need to improve network

scalability and to eliminate unnecessary input/output oc-

currences. There is also a need to improve the agility

and flexibility of the network while eliminating/reducing

the number of hidden regenerators.

[0004] Today, service activation time, or"time to band-

width" (TTB), or "time-to-service" (TTS) is constrained

by the physical network layer (dense wavelength divi-

sion multiplexed D/WDM for optical networks) using

point-to-point (pt-pt) connectivity. Cost and TTB reduc-

tion seem to be mutually exclusive for this type of con-

nectivity. There is a need to disassociate these two pa-

rameters to fully utilize the benefits of WDM.
[0005] Also, network engineering and planning are

currently very complex, time consuming and thus ex-

pensive. For example, there are approximately 400 card
types per vendor to be installed at a node, due to the

cards being wavelength specific. There are three types

of networks (access, metro and transport) each with off-

line planning. This results in growing nodal connection

complexity, which results in increased network manage-
ment complexity, and scalability problems. As well, the

system turn-up grows more and more complex, involv-

ing extensive simulation, engineering and testing. There

is a need to simplify network engineering and planning.

[0006] It is an object of the invention to provide a ar-

chitecture for an optical network, which alleviates totally

or in part the drawbacks of the prior art network archi-

tectures.

[0007] It is another object of the present invention to

provide a network architecture that leverages emerging
technologies in ultra-long reach transmission, photonic

switching and network control and signaling.

[0008] Accordingly, the invention provides a WDM
network for routing a channel from an input node to an
output node through an intermediate switching node
connected along a transmission path, comprising: at the

input node, means for multiplexing the channel into a

first multi-channel optical signal and transmitting the first

multi-channel optical signal over the path; at the inter-

mediate node, a wavelength switching subsystem WSS
for routing the channel from the first multi-channel opti-

cal signal into a second multi-channel optical signal

without OEO conversion, and transmitting the second

multi-channel optical signal overthe path; and atthe out-

put node, means for demultiplexing the channel from the

second multi-channel optical signal.

[0009] In addition, the invention is concerned with a

node of a WDM network comprising: an input port for

receiving a first multi-channel optical signal, and an out-

put port for transmitting a second multi-channel optical

signal; a broadband optical receiving terminal for receiv-

ing a drop channel and recovering a drop user signal

from the drop channel; a drop tree for broadcasting the

first multi-channel optical signal over a plurality of drop

routes, selecting a drop route and routing the drop chan-

nel from the input port to the broadband optical receiving

terminal; and a wavelength switching subsystem WSS
for routing a passthru channel from the first multi-chan-

nel optical signal into the second multi-channel optical

signal, in optical format.

[0010] According to a further aspect, the invention

provides a method of routing a communication channel

from an input node to an output node through an inter-

mediate switching node connected along a path com-
prising: at the input node, multiplexing the channel into

a first multi-channel optical signal and transmitting the

first multi-channel optical signal to the intermediate

node; at the intermediate node, switching the channel

from the first multi-channel optical signal into a second

multi-channel optical signal without OEO conversion,

and transmitting the second multi-channel optical signal

to the output node; at the output node, demultiplexing

the channel from the second multi-channel optical sig-

nal; and controlling operation of the input node, the out-

put node and the intermediate node at the physical layer

using a smart line system SLS and at the network layer

using an intelligent network operating system INOS.

[0011] Furthermore, the invention provides a method

of adding a new channel between the input node and a

second output node connected on the path downstream

from the intermediate node, comprising establishing a

target reference path and setting-up the performance

parameters for the reference path and threshold values

for the performance parameters; connecting a new input

client interface to the input node and connecting a new
output client interface to the second output node; re-

motely requesting activation of the new channel by a

point and click operation on a graphical user interface

GUI of the intelligent network operating system; at the

INOS, attempting to establishing a direct all optical route

for the new channel, based on current network topology

information and current optical layer performance infor-

mation; providing wavelength conversion at the interme-

diate node, if the direct all optical route is not available;

providing signal regeneration if the direct all optical

route is available, but current optical layer performance

information indicates that an updated optical layer per-
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formance for the new channel falls below the threshold

values; and lighting the optical path by wavelength tun-

ing a transmitter at the new interface and appropriate

switching at the intermediate node, under supervision

ofthelNOS.

[0012] The WDM network further comprises an opti-

cal trace sub-system distributed^ the optical amplifica-

tion modules and at the nodes for gathering network to-

pology information, and a trace connection for commu-

nication network topology information between the op-

tical amplification modules and the network nodes. The

trace connection is provided along a distinct optical

trace channel.

[0013] Preferably, the wavelength of the optical trace

channel is about 131 Onm.

[0014] The trace channel may travel on a tandem fiber

along said path or may be multiplexed with the multi-

channel optical signal.

[0015] Advantageously, the network according to the

invention offers low cost per bit, high density of traffic,

scalability and flexibility. The network according to the

invention also provides simpler network engineering

and planning, and thus much shorter time to service.

Among the main characteristics of this network are end-

to-end photonic mesh network optical connection provi-

sioning without craft intervention, photonic switching,

switch-able regeneration, full transmitter wavelength

agility, photonic layer wavelength UNI; distributed sign-

aling and routing layer, etc.

[0016] The foregoing and other objects, features and

advantages of the invention will be apparent from the

following more particular description of the preferred

embodiments, as illustrated in the appended drawings,

where:

Figure 1A shows node spacing distribution of North

American transport networks;

Figure 1B illustrates the time-to-bandwidth break-

down;

Figure 1C shows the pass-thru proportion of traffic;

Figure 2A shows a span of a switched optical net-

~
\ work using electrical cross-connects; .

Figure 2B is an example of a network as in Figure

^ 2A, for showing the steps effected for lighting a

wavelength;

Figure3A illustrates the principle of operation of the

photonic transport network according to the inven-

tion;

- Figure 3B illustrates.the steps effected for lighting

a wavelength in the network of Figure 3A;

Figure 4 shows a high level view of a junction site

of network of Figure 3A;

Figures 5A-5C show the electro-optics sub-sys-

tem, where Figure 5A illustrates a block diagram of

the electro-optics subsystem, Figure 5B is the block

diagram of a transponder, and Figure 5C is the

block diagram of a regenerator;

Figures 6A-6D illustrate the optical line sub-sys-

5 451 A2 4

terns, where Figure 6A shows a line amplifier con-

figuration, Figure 6B illustrates a OADM configura-

tion; Figure 6C shows a wavelength cross-connect

configuration; and Figure 6D illustrates a Tine am-
5 plifier configuration with optical spectrum analyzer

equipment;

Figure 7 illustrates the access sub-system for mul-

tiplexing, demultiplexing and switching;

Figures 8A-8D illustrate wavelength cross-connect

io configurations, where Figure 8A shows a two-way

cross-connect architecture; Figure 8B shows a

three-way cross-connect architecture; Figure 8C
shows a four-way cross-connect architecture; and

Figure 8D shows a five-way cross-connect architec-

ts ture; and
Figure 9 shows an OADM configuration.

[0017] First, the current optical networking environ-

ment is described in some detail with reference to Fig-

20 ures 1 A, 1 B, 1C, 2A and 2B for a better understanding

of the structure, characteristics and operation of the net-

work architecture according to the invention.

[0018] The North American nationwide backbones

typically service about 1 00 cities, on about 20,000 route-

rs miles of fiber. However, most of the high-bandwidth con-

nections on the national backbone occur between 20-30

of the largest cities. Figure 1A shows the node spacing

distribution for North America. It is to be noted that the

spacing between two nodes is less than 1000km for

30 80% of nodes.The mean distance between nodes in the

pan-European backbones is 4Q0km only. A typical pan-

European network covers about 50 cities with approxi-

mately 1 3,000 route-km of fiber.

[0019] The number of backbone providers increased

35 lately, resulting in important decreases in the profit mar-

gin. As a result, service provider business has evolved

to a point where the winning factor is the quality of the

services offered, and also the time it takes to set up new
services. Today, a typical waiting time for a new optical

40 service is over 120 days. As seen in Figure 1 B, TTB in-

cludes two components, the network engineering time

and the service activation time. If the equipment re-

quired to provision a new service is in place, TTB com-

prises only the service activation time, which is relatively

45 low, beln§ mainly limited by the carrier's own processes.

It is dependent on extend of back office activity (days),

the time for connecting the equipment (days), and the

time needed for activating the service (minutes).

[0020] On the other, hand, if the equipment required

50 to provision a new service is not in place, TTB is much

larger. Deploying a new service depends upon network

capacity planning, network engineering, and most im-

portantly, the time it takes to order and deliver specific

wavelengths equipment for network capacity deploy-

55 ment. As a result, theTTB for new services is very long,

often in the order of months. If this "time-to-bandwidth"

(TTB) could be reduced, a carrier would have a signifi-

cant competitive advantage.
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[0021] Carriers looked to DWDM to solve this prob-

lem. Unfortunately several practical factors prevent car-

riers from truly utilizing this value. Thus, due to the high

number of channels per fiber (up to 160 channels) the

engineering time associated with circuit provisioning 5

has increased significantly. In addition
:
current DWDM

systems can only be provisioned in a point-to-point (pt-

pt) configuration, the interconnection between the

nodes requiring management at wavelength level. To

make matters worse, no automation of the engineering io

process was developed yet. Each wavelength must be

ordered, deployed and engineered separately. In addi-

tion, the cost of the OEO interfaces feeding the DWDM
pipes is very high, and grows with each new wavelength.

[0022] As a result of these factors, the true potential is

of DWDM continues to be unexploited, and the engi-

neering effort continues to grow, while the average TTB
of an optical service continues to Increase.

[0023] The current push to bring agility to the network

relies on the use of large electrical cross-connects 20

(EXC) or switches, which depend on OEO conversion

to interface with WDM systems at nodal management
sites. Figure 2A shows two nodes 2, 2* of a point-to-point

switched optical network (SON) 1 using electrical cross-

connects. A signaling network3 distributes topology and 25

routing information to all nodes across the network. EX-

Cs provide the base interconnection and provisioning

fabric for the optical connections.

[0024] One of the fundamental aspects of the SON
architecture of Figure 2A is the idea of a user network

interface UNI 4, 4* to the optical layer client platforms.

UNIs 4, 4' allow the client to signal the need for a new
bandwidth connection directly to the optical network,

which can then provision the circuit across the network.

The result is fast provisioning if the network equipment

is in place. In order to optimize the DWDM resources,

the SON uses a NNI (Network to Network Interface) lay-

er shown at 5. However, current NNI protocols tend to

be proprietary and static, preventing the added value of

agile configuration of the DWDM layer.

[0025] Figure 2B sh'dws the steps involved for lighting

a wavelength (or lambda, or channel) between two cit-

ies, e.g. Chicago and Dallas. There are five nodes illus-

trated, namely nodes 2-1 at Chicago, node 2-2 at Indi-

anapolis, node 2-3 at Kansas city, node 2-4 at Tulsa,

and node 2-5 at Dallas. The nodes comprise, in very

broad terms, a large cross-connect EXC 2, a demulti-

plexer unit 70 and a multiplexer unit BO. Node 2-1 is

equipped with a transmitter 75 for converting the client

signal to an optical signal, and node 2-5 is equipped with

a receiver 85 for terminating the optical signal and con-

verting it to the client signal. Intermediate nodes 2-2, 2-3

and 2-4 need to be equipped with 'hidden regens* 90 to

enable switching of the client signal in electronic format.

Thus, the optical signal needs to be terminated at each

intermediate node, as shown by the arrows above the

nodes. Figure 2B shows a unidirectionalWDM transmis-

sion system, but similar considerations apply to bidirec-

6

tional systems.

[0026] All channels sourced at node 2-1 for node 2-5

co-propagate between the nodes along the same phys-

ical medium (same fiber), so that they will experience

similar distortion, decline in power, optical signal-to-

noise (OSNR) degradation, etc. As such, power and

OSNR channel equalization can be performed on a

span-by-span basis.

[0027] The distance between nodes 2-1 and 2-5 is

2,200km, and the lengths of the respective links (dis-

tances between the cities/nodes) along the signal path

are as shown on Figure 2B. There are optical amplifica-

tion sites between the nodes, equipped with optical am-
plifiers 6. The number of these sites depends mainly on

the respective distance. Thus, the number of optical am-
plifier sites is greater between nodes 2-2 (Indianapolis)

and 2-3 (Kansas City) than between nodes 2-1 (Chica-

go) and 2-2. The following are the steps currently per-

formed to add a channel:

(a) Provision/selecttwo DWDM transmitter/receiver

(Tx/Rx) units at every site, tuned for the respective

channel. If the Tx/Rx are not part of the existing in-

ventory, they must be ordered and installed.

(b) Engineer nodes 2-1 and 2-2 for the new wave-

length.

(c) Increase laser power of the node 2-1 transmitter

gradually, while monitoring the other wavelengths

present on the line between 2-1 and 2-2.

(d) Pertorm a power adjustment at each optical am-
plifier site 6 (variable optical attenuatorVOA adjust-

ment).

(e) Once link 2-1 to 2-2 is equalized, run a 72 BER
test.

(f) Repeat steps (a) to (e) for the remaining spans

2-2 to 2-3; 2-3 to 2-4; and 2-4 to 2-5.

(g) Establish all cross-connections at the respective

EXCs 2, for each node.

(h) connect the client interfaces at the end sites.

[0028] As indicated above, this process takes 6 to 20

weeks and requires a large number of specialized per-

sonnel (engineers and technicians).

[0029] SON 1 is currently the object of standard ac-

tivities. ODSI, a consortium of vendors led by Sycamore

Systems has started defining a standard around a UNI

interface. The OIF is also involved in ODSI for UNI

standards activities. ASON, a standard supported by

Nortel Networks and Lucent Technologies is being

worked on in T1X1 as well as ITU.

[0030] Nonetheless, switching in SON 1 is performed

in the electrical domain, so that all channels (wave-

lengths) need to be converted from the optical to the

electrical domain before switching, and converted back

to the optical domain after switching. As OEO conver-

sion is very expensive, the cost of the EXCs nodes rep-

resents an important part of the cost of the entire net-

work. While OEO conversion is needed to access the

35
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optical layer at the transmit and receive ends (nodes 2-1

and node 2-5 in the example of Figure 2A), when they

are used as 'hidden regens* 90 to manage traffic pass-

thru traffic, the network economics are negatively im-

pacted.

[0031] Anothercurrenttrend in optical communication

is to extend the system reach. Thus, these ultra long

reach (ULR) systems require less or no intermediate

OEO regeneration points, and so, less OEO interfaces.

Unfortunately, this trend does not map very well in prac-

tice to the current network topology. To start, the current

network is still based on a pt-pt architecture, as shown

in Figures 2A and 2B. This means that since the dis-

tance between most nodes is under 1 ,000km, ULR ben-

efits only 20% of links which are over 1 ,000km. Also, as

the majority of connections have distance requirements

exceeding the nodal spacing of 1 000km, more than 70%
of traffic at nodal sites tends to be pass-thru, as shown

in Figure 1C. This means that 70% of nodal OEO inter-

faces exist strictly for the management of traffic passing

through the node. While this is a very important function

as it allows the carrier to provision traffic faster through-

out the network, a significant opportunity exists for net-

work cost reduction if some or all of these interfaces

could be eliminated.

[0032] A pt-pt architecture inherently uses wave-

length-specific equipment resulting in a very complex

node structure. For example, for an average 2.5 Tb/s

3-way node (add/drop and passthru node), the equip-

ment includes 20 bays and approximately 150 circuit

pack types. The power consumed by such a node is in

the order of 50kW.

[0033] Figure 3A illustrates a network 20 according to

the invention. Network 20 is a photonic network, lever-

aging emerging technologies in ultra-long reach trans-

mission, photonic switching, and network control and

signaling. This: network, provides end-to-end photonic

mesh network optical connection provisioning, without

craft intervention.

[0034] The architecture of a node, such as node 20-1

is shown in the insert. The nodes provided with the abil-

ity to switch a channel from an input fiber to an output

fiber of choice, and to add/drop traffic are also called

flexibility points or switching nodes. A flexibility point

may be provided with add/drop capabilities, or not. A
flexibility point may also be a terminal used for add, drop

or add/drop only.

[0035] As intuitively shown, the addAJrop traffic9 trav-

els on a separatepath than the passthru traffic 8. As a

result, the passthru traffic can be routed without OEO
conversion, so that no Tx/Rx pairs need to be provi-

sioned for the passthru traffic 8. Furthemore, the adoV

drop traffic 9, 9* is provided with tunable transmitters

(Tx) and broadband receivers (Rx), which are non-

wavelength specific (they are colorless). The colorless

DWDM characteristic of the network 20 results in less

complexity at the nodes than in network 1 of Figure 2A.

Node 20-1 for example can be accommodated in five

bays, using approximately 20-25 types of card packs.

The total power consumed by such a node is approxi-

mately 9 kW.

[0036] The term 'optical link* is used herein to define

5 the connection between two flexibility points. The term

'span* defines the connection between two adjacent op-

tical amplifier sites, and the term 'path* is used to define

an end-to-end connection.

[0037] Network 20 is also provided with an intelligent

10 network operating system INOS 16, which enables pho-

tonic constrained wavelength routing, network auto-dis-

covery and self-test, capacity and equipment forecast-

ing and network optimization capabilities. The INOS 16

includes integrated engineering /planning tools, which

is allow significant reduction of the TTB. In addition; a

smart line system SLS15 provides embedded photonic

layer monitoring, to conferto network20 adaptive power

and dispersion control, and monitoring of the.photonic

layer and feeds this information to the INOS 16. Based
20 on this real time line performance information, on

thresholds preset for the monitored parameters and on

the performance of the network equipment, INOS 1 5 de-

cides if a channel needs regeneration or wavelength

conversion j or decides on an alternative path for a chan-

25 nel for traffic optimization.

[0038] Figure 3B illustrates the steps effected for fight-

ing a wavelength in a network 20 according /to the in-

vention. Node 20-1 is equipped with a tunable optical

transmitter 25 and node 20-5, with a broadband optical

30 receiver 26, directly connected along a channel(s) that

passes through intermediate nodes 20-2, 20-3 and 20-4

in optical format as shown by arrow A. A channel(s)

traveling between nodes 20-3 and 20-5 for exarnple,

shown by arrow B, co-propagates along the same fiber

35 with channel A on the spans between nodes 20-3 to

20-4 and 20-4 to 20-5. As the length of these channels

is different, only power equalization can be effected on

the common spans; OSNR equalization will unneces-

sary degrade the shorter channel.

40 [0039] it is to be noted that while the number of optical

amplifier units for each span may .amain similar with

that of network of Figure 2B, the complexity of each

node is significantly reduced as discussed.

[0040] Thus, the steps needed for lighting a wave-

45 length in photonic network 20 are:

- First, connect the client interfaces 7 to the flexibility

point 20.

Next, activate the wavelength from a network oper-

50 ating centerNOC, which involves a simple point and

click operation.

INOS 16 and SLS 15 administer the automatic ac-

tivation of the service, which takes seconds.

55 [0041 ] It is readily apparent that the TTB is significant-

ly reduced as compared to the complexity of lighting a

wavelength in network 1. In addition, aggressive FEC

(Forward Error Correction) guarantee of five 9's in less
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than one second is provided for network 20.

[0042] Network 20 may be partitioned into the follow-

ing fundamental building blocks, shown in Figure 3A,

which function together or in some applications inde-

pendently: a wavelength switching subsystem 10, an 5

access multiplexing and switching sub-system 14 pro-

vided at flexibility points such as node 20-1 , an electro-

optics sub-system 1 1 provided at the node or on client's

platform, and an optical line sub-system 1 2 provided on

the links between the network nodes for conditioning the

optical DWDM signal(s). Equipment for optical signal

conditioning is also provided at the input and output

sides of each node.

[0043] Figure 4 shows an example of a junction node

20-1 equipped with a wavelength switching sub-system

WSS 1 0 that performs add/drop to the client service plat-

form 7 and optical passthru to the next node. It Is to be

understood that other node configurations are available.

For exampleWSS 1 0 may perform passthru only, while

switching the channels as needed, or may perform add/

drop only to direct all incoming traffic to client 7 and/or

to add new traffic generated by client 7. For simplicity,

only the eastbound traffic is shown and described; it is

to be understood that a similar description is applicable

to the westbound traffic.

[0044] In Figure 4, on the ingress side of node 20^1,

traffic encounters first a dividing stage 18, which also

performs optical pre-amplification and dispersion com-

pensation for the DWDM optical signal entering the

node. Thus, for each fiber entering the node, a first com-

ponent S1 of the respective input DWDM optical signal

is routed to a Wavelength Cross Connect (WXC) 30 and
a second component S2 of the WDM signal is routed to

access sub-system 14, using optical power splitters 21

.

WXC 30 switches the passthru channels 8 in the first

component as needed from the input ports to the output

ports, and blocks the drop channels 9 and the channels
8* that require OEO for regeneration/wavelength con-

version. In the case of a pure passthru node, there are

no add/drop channels. Also, if no channel requires re-

generation or wavelength conversion, the regenerators

24 are riot used.

[0045] Stage 14 comprises a drop tree 91 that sepa-

rates the ingress drop traffic from the second compo-
nent, from where the drop channels 9 are directed to a

respective broadband receiver 25 of the electro-optics

system 11 , which converts the drop signals into an elec-

tronic format for use by client 7. It is important to note

that unit 17 may be a fixed demultiplexer with wave-
length-specific ports, or a flexible demultiplexer, where
the ports are assignable by wavelength. The flexible

structure is preferred, but both are supported by the ar-

chitecture of node 20-1.

[0046] Drop tree 91 also separates form the second

component the channels that need regeneration or

wavelength conversion and direct those to electro-op-

tics sub-system 11 for regeneration by regenerator 24.

In this way, OEO conversion is performed on a reduced

number of channels, and only as needed. A pool of re-

generators 24 is provided at certain sites only, and they
are not wavelength specific, so that they can be used
for any channel that needs regeneration. The regener-

ators 24 can also operate as transponders to change
the channel wavelength as needed to avoid channel col-

lision in the output DWDM signal.

[0047] On the output side of node 20-1, an add tree

92 collects the add traffic 9* (the fourth set of channels),

the OEO processed traffic 8" from the regenerators 24
and the passthru traffic 8 from the WSS 10 and multi-

plexes these channels into an output DWDM signal for

each respective output port. Thus, the add traffic 9' re-

ceived from client 7 is converted into an optical format

using tunable transmitters 26 of the electro-optics sub-

system 11.

[0048] In the access stage 14, the add signals are

combined with the regenerated passthru signals 8" and
thereafter amplified by post-amplifiers of a merging
stage 1 9. Again, multiplexer 1T may be fixed or flexible

with respect to wavelength assignment.

[0049] As seen in Figure 4, add traffic 9* and the re-

generated passthru traffic 8" are combined with the

passthru channels 8 before amplification. It is to be un-

derstood that the number of add channels and the drop

channels may or may not be equal as long as the total

number of channels on the line does not surpass the

network capacity.

[0050] Wavelength switching subsystem 10 can be a
wavelength cross-connect 30 as in Figure 4, or may be
an optical add-drop subsystem, as it will be seen later

in connection with Figure 9.

[0051] Figure 5A illustrates the electro-optic subsys-
tem 11, which performs on ramp of client signals from
client platform 7 onto network 20. On-ramp to the net-

work is enabled by either compliant embedded trans-

ceivers 27 on the client platform 7, or via a transponder

23, shown in detail in Figure 5B. A transceiver compris-

es a receiver (Rx) and a transmitter (Tx) pair; the Rx
recovers the client signal received from the optical net-

work, and the transmitter (Tx) generates an optical car-

rier (wavelength, channel) and modulates the client sig-

nal over the carrier. A transponder 23 comprises a short

reach Rx/Tx pair and a long reach Rx/Tx pair for con-

verting short reach client signals to long reach capable

optical signals. A regenerator comprises a Rx/Tx pair

for OE conversion, signal conditioning/wavelength

switching and EO conversion.

[0052] Electro-optics subsystem 11 also comprises a
wavelength converter and regenerator 24, shown in

some detail in Figure 5C. Wavelength converter and re-

generator 24 (called in short regenerator) performs

OEO-based wavelength conversion in the network core,

only for the channels that require regeneration or wave-

length conversion, as determined by the SLS 15 and
INOS 16.

[0053] An enhanced services platform interface ESP I

28 uses electrical multiplexing and switching to enable

15

20

25

30

35

40

45

50
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40Gb/s service carriage across network 20, and electri-

cal protection switching of services.

[0054} The electro-optics sub-system 11 features

1 ,500 km capable and 3,000 km capable optical reach,

strong FEC, broad wavelength tunability for full wave-

length assignment, and adaptive dispersion compensa-

tion.

[0055] The two basic EO interfaces configurations are

the transponder 23 shown in Figure 5B and the regen-

erator shown in Figure 5C. As much as possible, both

use similar common equipment, namely an ultra long

reach (ULR) building block 31. The transceiver uses, in

addition, a commercial short reach (SR) module 32.

[0056] ULR buHding block 31 comprises, on the re-

ceive side a photodetector33, for converting the optical

signal to an electrical signal, followed by two amplifica-

tion stages 34 (pre-amplifier) and 35 (post-amplifier)

and clock 8 data recovery block CDR. The electrical sig-

nal is then demultiplexed into a parallel signal by serial-

to-parallel converter 36, and applied to a Physical layer

processing circuit 37. Physical layer- processing circuit

37 is responsible with framing/deframing the signal,

stripping/adding overhead OH information, decoding

the FEC information for correcting the qnors in the in-

coming signal, directing the FEC decoded_signals to the

user (transponders/regenerators/client), and other op-

erations specific to the line format.

[0057] On the transmit side, a parallel-to-serial con-

verter 38 of ULR block 31 multiplexes the FEC encoded

signals from the physical layer processing circuit 37 into

a serial signal. A laser 39 generates the channel wave-

length and external modulator 40 modulates.the laser

signal with the serial signal, using a laser driver 41 . ULR
31 is also provided with an embedded controller 42.

[0058] As shown in Fjgure 5B, the transponder is im-

plemented by connecting the SR module 32, to ULR
building block 31, using e.g. OIFXBI interconnect stand-

ard. This allows easy integration of any popular SR cli-

ent interface 7 with ULR block 31.

[0059] Regenerator 24, illustrated in Figure 5C, is im-

t plemented by looping the received data back to the

. transmit interface at the XBJ interface within the physical

. layer processing circuit 37. This allows regenerator 24
* to perform regeneration and/or wavelength conversion

* for a single, unidirectional data path.

[0060] The optical line system 12 Is shown in Figures

6A to 6D. This subsystem includes line amplifiers 6, pre-

* amplifiers of dividing stage 18 and post-amplifiers of

t: merging stage 19 and associated dispersion and power

management equipment necessary for ultra-long haul

propagation along the line.

[0061] Figure 6A shows a line amplifier configuration.

The line amplification module of Figure 6A provides op-

tical gain to overcome the loss incurred due to transmis-

sion fiber. Module 6 comprises a Raman section 45 em-

ployed in conjunction with an EDFA (erbium doped fiber

amplifier) section 46 for optimal OSNR performance.

The Raman section 45 is configured as a distributed

counter-propagating preamplifier, the EDFA section 46

being configured as a multi-stage amplifier with mid-

stage access.

[0062] The first stage of section 46 is a preamplifier

5 47 and the last stage is a booster 48. The sections are

also provided with Optical Service Channel (OSC) split-

ter/combiners and a transceiver (nor shown) to detect

and add OSC channel operating at an independent

wavelength. Other optical amplifier functionalities in-

to elude analog and digital electronics for monitoring and

control of gain stages, detection of upstream and down-

stream fibre cuts, shut-off mechanisms to avoid unsafe

power levels, NE failure detection, etc.

[0063] An advanced fiber-based slope-matched dis-

15 persion compensation module (DCM) 43 and a periodic

dynamic gain-equalizer (DGE) 44 are provided in most

configurations at the mid-stage access. DGE provides

the capability to selectively attenuate wavelengths or

groups of wavelengths to flatten the power spectrum

20 and thereby improve performance of the optical system.

[0064] DCM 43 compensates for the dispersion accu-

mulated by the multi-channel signal between the ampli-

fier sites, and the DGE 44 is employed to ensure that

an optimal power profile is maintained. DCM 43 is not

25 required in line amplifier configurations where the net-

work is built with dispersion managed cable (DMC), for

sites without DGEs and in shorter spans.

[0065] Post-amplifier configurations are as well avail-

able. Figure 6B shows the amplifier configuration for an

30 OADM sub-system 13 and Figure 6C shows the ampli-

fier configuration for a WXC 30. The optical amplifiers

at these sites provide optical gain to overcome the loss

incurred due to transmission fibre, before the channels

are accessed for switching or add/drop. As seen in these

35 figures, a booster post-amplifier 48 follows the respec-

tive OADM 13 or WXC 30 after add and switching, for

amplifying the signal.

[0066] Power equalization is done on a per multiple

amplifier modules. This is accomplished as shown in

40 Figure 6D, by connecting anpSA (optical spectrum an-

alyzer) 49 to the output of section 46. Again, a DGE 44

is used in the mid-stage to flatten the power spectrurn.

The OSA 49 is used to monitor the required optical line

parameters such as channel power, wavelength, and

45 OSNR at the output of the amplifier. The information is

then fed back to the DGE 44 to form an optical power

control loop with the DGE being the mechanism equal-

izing the channel powers.

[0067] To allow wavelength assignment that is both

50 fully flexible and cost-effective, the network 20 features

an access structure based upon optical broadcast and

select principles, shown in Figure 7. The access sub-

system 14 performs demultiplexing and switching of the

input DWDM signal(s) and multiplexing and switching of

55 the output DWDM signal(s). Conventional WDM net-

works achieve this functionality with fixed wavelength

division multiplexers (WDMs) where each port is
,

color-

ed\ i.e. assigned to a specific wavelength. This conven-

7



tional structure cannot provide true agility to the net-

work, in that it requires manual reconnection of the la-

sers to the corresponding port of the mux/demux when

the wavelength is changed.

[0068] On the drop side of the node, a part of the input

DWDM signal (or multi-channels signal), i.e. the second

component denoted with S2, is directed (split), from pre-

amplifier 18 to the access sub-system 14, as also seen

in Figure 4. There are three access stages in the con-

figuration shown in Figure 7. At the first access stage

50-1 , the second component is optically split 4 ways us-

ing a 1 :4 power splitter 52, to obtain four fractions, each

comprising all the channels in the input DWDM signal.

At second access stage 50-2, each fraction is passed

through a blocker56 and amplified by a low power EDFA
(amplet) 55. Blockers are optical modules that allow only

selected channels to pass through it while blocking oth-

er channels. Amplets 55 are used to compensate for the

loss in the blockers The amplet 55 is followed by an

8-way split by splittei 53, so that 8 instances of the

blocked signal are available at the output of the second

access stage 50-2. Next, the blocked signal undergoes

a second 4-way split by a splitter 52 in the third stage

50-3. Ah amplet 53 is again introduced in the signal path

to compensate for optical loss inherent in the splitters

and other components. Before coupling to a receiver, a

tunable filter54 is used to select the desired wavelength

for that connection/This drop tree allows any wave-

length on the line to be switched to the desired receiver

without any wavelength connectivity constraints. Some
channels can be directed to a regenerator 24 for condi-

tioning, and/or wavelength conversion.

[0069] Similarly, the add tree uses optical combiners

52* and amplifiers 53 to allow signals inserted by the

tunable transmitters to joint the line multiplex as shown.

At the ingress of the add structure, EV6A (electronical-

ly-actuated variable optical attenuators) 57 are em-

ployed .to slowly bring up new wavelengths into the sys-

tem, to avoid gain transients in the amplets 55, and to

shut out wavelength ports that -are 'riot in use or are

faulty. The blockers 56 are used in the add tree to filter

out the laser and amplifier noise that would otherwise

accumulate as the signals are combined. Furthermore,

the blocker56 at the second stage 50-2 is used t6 block

all wavelengths that are not destined for that branch of

the tree. This allows more efficient use of the amplifier

power below the blocker. The blocker is also used to

manage the power profile of the propagating wave-

lencjths.

[0070] It is important to note that the access structure,

while allowing unconstrained wavelength assignment,

is coupled inflexibly to a specific fiber transmission sys-

tem. Thus, in the embodiment of Figure 7, access ports

are directionaHy assigned to a fiber and cannot be

switched to another fiber without manual reconnection

to access ports for the desired direction.

[0071] Directional assignment can be supported by

one or a combination of:

1 ) introducing electrical switching 58 between the

short reach client interface 32 and the long reach

interfaces 31 (see Figure 5B) to allow direction of

signals to the correct access structure,

5 2) introducing a photonic space switch PSS 59 to

flexibly couple transmitters and receivers to multiple

access ports (see Figure 7),

3) use wavelength switching technology to switch

among access structures.

10

[0072] The cascading structure of Figure 7 allows

modular growth to up to 1 28 access ports. The line sys-

tem accommodates now up to 100 wavelengths. This

dilation allows a degree of blocking in the access struc-

15 ture, which would otherwise prevent full access to the

full set of wavelengths on the line. Blocking may occur

if switching is introduced in the access structure for di-

rectional assignment, or if underutilized remote systems

are coupled into the access structure at the second tier.

20 [0073] The access multiplexing and demultiplexing

structure is somewhat different from systems with small-

er numbers of channels. For example, the second acr

cess stage 50-2 is not provided for below 16 add/drop

wavelengths/ It is also to be understood that an access

25 structure for-systems with a larger number of channels

may be also designed based on the same principle as

shown in Figure 7 and described above.

[0074] Figure 4 illustrates that after the pre-amplifier,

the multi-channel signal is broadcast to both the access

30 structure 14 and the input ports of the WXC 30. WXC
30 receives the first component S1 of the DWDM input

signal and switches the passthru channels from input

ports to output ports in a wavelength selectable manner,

while blocking the drop channels and the channels that

35 need OEO conversion. It also offers per channel atten-

uation for power shaping on through traffic.

[0075] Figures 8A to 8D illustrate various implemen-

tations of the WXC 30. Thus, Figure 8A shows a two-

way wavelength switch, Figure 8B illustrates a three-

40 way switch, Figure 8G, a four way switch, and Figure

8D, a five way switch: Each first component is broadcast

with a further4-way optical splitter 52. Switching is again

performed using a broadcast and seliect structure. Thus,

each splitter 52 is coupled to a switching element 65
45 which comprises a blocker 56, which selectively allows

wavelengths through, and an EDFA 55, to compensate

for the losses in the WXC 30. The output of the switch

element 65 is combined to the WXC output port with a

4:1 optical power combiner 52\ For each input-output

50 port combination there is a blocker 56 which allows

wavelengths which are switched through that path to

pass, and blocks all other wavelengths. With 1 :4 split-

ters and combiners, a 5x5 switch can be supported as

shown, since there is no requirement for a loop-back 4

55 connection. The switch 30 can be depopulated as

shown for 2x2, 3x3 and 4x4 applications.

[0076] Some traffic generating sites, i.e. sites ex-

changing traffic with client platforms 7 in backbone fiber

8
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networks (see Figure 3A) have only two long haul fiber

routes connecting them to the rest of the network, and

have a low proportion of add/drop traffic. Network 20

provides an optical add/drop multiplexer (OADM) sub-

system 13 for these sites, to optimize the cost and per-

formance. Figure 9 shows an embodiment of add/drop

subsystem 13.

[0077} The add/drop subsystem 13 first amplifies both

westbound and eastbound traffic using a respective line

amplifier 6, followed by a COADM (configurable optical

add drop module) 60. COADM 60 selectively switches

individual wavelength from input to output or to the ac-

cess sub-system 14, as denoted on Figure 9 with •Ac-

cess West" and "Access East". The passthru traffic 8, 8*

is amplilied by a respective booster 48.

[0078] An optical power combiner 22 is employed for

the added wavelengths 9\ for both East and West di-

rections

[0079] The physical and logical architecture of net-

work 2C allows significant new network functionality in

the photonic layer. The mode of operation of network 20

is described next in connection with Figures 3A to Figure

9.

Lighting a Wavelength

[0080] A key characteristic of network 20 is the ability

to establish a lightpath end-to-end without manual inter-

vention. A request for a lightpath connection is initiated

from the INOS 16 or through a UNI request. The routing

layer then selects an optimal wavelength and path

through the network, including regeneration and wave-

length conversion, whenever required. The lightpath is

established automatically by wavelength tuning at the

transmitter and appropriate switching in the access

structures at the ingress and egress sites, intermediate

OADMs and WXCs. Attenuation states in the blockers

and EVOAs allows new connections to be brought up

without switcrHnduced transients that may interrupt ex-

isting traffic. For light-paths requiring regeneration or

wavelength conversion, pre-connected pools of regen-

eration equipment may be switched in automatically.

[0081] The current topology of the network is discov-

- ered using a novel trace feature. Thus, all fiber connec-

tions between cards feature optical trace channel com-

munication that allows cards to recognize connections

and report those to the network element controllers and

tothe INOS 1 6. in the preferred embodiment, the traces

are provided as 1310nm signals, and can be communi-

cated on tandem fibers, or multiplexed onto the same

fiber as the traffic-carrying wavelengths.

[0082] Furthermore, SLS (smart line system) 15 col-

lects" information about the physical parameters of a

path, and informs INOS 16 that a certain span is not

available due to an increased dispersion threshold, etc.

To this end, network 20 is equipped with a large number

of Optical Spectrum Analyzers (OSAs) 49 to provide vis-

ibility of signal power levels and noise levels. An QSA

is shared using an 8:1 optical switch coupler to in-line

power taps at a number of points in the network. These

taps are used in control loops for transmitter power,

blocker and dynamic gain equalizer control, EVOA set-

5 tings and Raman amplifier control. Fault monitoring also

rely on this information to localize failures in the network.

[0083] End-to-end photonic switching allows certain

limited fault recovery options. When a fiber cut or equip-

ment failure occurs, the lightpath is reestablished using

io remaining available resources (recovery rather than

protection switching). This "redial" can be made on a

best effort basis, or the system can establish dedicated

resources, based on the QOS required for the respec-

tive lightpath. It is noteworthy that since the access

15 structure at the switch site is 'hardwired' to a specific

direction as shown in Figure 4, failures in the first or last

leg of the connection will not be recoverable in this man-

ner for this embodiment. If one of the options for direc-

tional assignment are employed (i.e. switch 58, or space

20 switch 59 or switch among access structures), then this

constraint is relieved.

[0084] For services requiring very high availability,

where client interfaces have automated protection

switching or alternative redundancy schemes, network

25 20 allows the user to request that those connections be

diversely routed. The diversely routed connections can

additionally benefit from 'redial* recovery, allowing ultra-

high availability services. Nonetheless, for embodi-

ments with electrical switching and/or directional switch-

30 ing 59 in the access structure, a more full-feature set of

network protection configurations is available.

Optical Path Maintenance

35 [0085] The optical layer of network 20 requires a dif-

ferent design approach than the traditional pt-pt WDM
systems, a"s there is no start and stop location for all the

wavelengths. No assumptions can be made about the

OSNR or distortion/dispersion history of adjacent wave-

40 lengths being similar. In addition, wavelengths need to

be added and dropped with a minimal impact On existing

channels. This leads to the following design principles:

45

SO

55

Power equalization is done only on optical channel

power, not on relative OSNR.
Dispersion must be compensated periodically

along the length of the optical path, and the distance

between flexibility points 30 (i.e. WXCs and/or

OADMs) must be an integer multiple of this period.

Pre and post dispersion compensation (if required)

must be done on a channel by channel basis on the

client side of the WSS.
Channel to channel interactions are minimized by

reducing the optical launch power.

[0086] Two types of powermanagement are required.

The first type is per optical path power management

through a switch and for add/drop at either a switch or

9
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OADM. The second type is spectra! power adjustment

in the optical line.

[0087] The per optical path adjustment is accom-

plished through the use of the variable loss feature of

the blocker 56. The spectral equalization is accom- s

plished by a combination of the EDFA/Raman gain dy-

namics and dynamic gain flattening fitters (DGEs) em-

bedded in the EDFAs. Spectral power management is

used to compensate for gain/loss variations in the opti-

cal path such as amplifier ripple/tilt, systematic mux/de- io

mux loss variation, spectral variation in the loss of the

transmission fiber and/or dispersion compensation ele-

ments. The DGEs can be eliminated entirely in cases

where there are not many optical amplifiers between

switch/OADM nodes. 15

[0088] The control feedback for both types of optical

power management Is via optical spectrum analyzers

(OSAs) distributed throughout the system. The objec-

tive of the optical power control loops is to control the

per channel power to conform to a predefined power per 20

channel mask (nominally flat but may have some pre-

emphasis to compensate for fiber loss variations). Con-

trol on per channel power, rather than relative OSNR is

required, as each channel will have an arbitrary OSNR
dependant on its distance from source. This control 25

scheme allows the additive noise from each span to be

the same for each wavelength. The output power mask

can be selected based on the fiber type, and it may also

be actively optimized by the system.

[0089] In order to minimize the cost of the OSAs a sin- 30

gle OSA to control several amplifiers and each amplifier

adjusts its DGE based on its measured gain to achieve

a nominally flat spectral response. The OSA could then

measure the actual spectral response and distribute the

correction equally over the EDFAs. If DGEs are not in- 35

eluded at each amplifier site, then VOAs will need to be

included to compensate for amplifiergain tilt due to span

loss variations.

Wavelength Plarv *o

[0090] Jn selecting a wavelength plani the cost of op-

tical amplification must be considered, as optical ampli-

fiers increase significantly the network cost. Therefore,

there Is value in Increasing the capacity per amplifier.

The trade-off between capacity per amplifier and the

system reach leads to the selection of a single band am-

plifier with as much spectrum as feasible.

[0091] The choice between C-band (1 527-1 565nm)

and L-band (1 567-1 61 Onm) depends on the target fiber so

type. L-band works on all fiber types, while the capacity

of a C-band solution onTW™ classic andTWplus™ fib-

er types is significantly reduced. The L-band solution

has the further advantages of improved performance

due to higher local dispersion and lower attenuation. On 55

the other hand, component availability is lower for the

L-band. The wavelength plan selected for network 20

provides approximately 100 wavelengths on a 50 GHz

grid from 1 567 to'1 61 0 (i.e. L-band) which yields approx-

imately 1 Th/s per amplifier.

[0092] Another factor to consider in selecting a wave-

length plan is the end-to-end filter transfer function.

There are up to 20 filters cascaded in an optical path,

such as the wavelength blocker elements used in the

add/drop tree and switch nodes, and the final tunable

filter used for the demultiplexing. The resultant fitter

shape of the concatenated filters must be adequate to

pass the 1 0 Gb/s signal with minimal degradation. In or-

der to mitigate the impact of this the Tx wavelength

needs to be tuned to maximize the received Q.

Dispersion Management

[0093] Dispersion management is the most critical

and operationally difficult aspect of ultra long reach sys-

tems. In general dispersion maps must be customized

to fiber types and the tolerances are such that insitu

measurement and component selection are required,

significantly complicating the system deployment.

[0094] Dispersion management in network20 is done

on an optical link basis (i.e. between flexibility points).

Each link must be compensated so that the net disper-

sion per km meets the design target. Wavelengths that

traverse less than the maximum distance will see a

smaller total dispersion, however will have higher Q val-

ues and so can tolerate a slightly non-optimal dispersion

value:

[0095] 100% slope compensated static dispersion

compensators DCM 43 are provided on each amplifier

span (except for the dispersion managed cable case).

These are chosen to bring the net dispersion per km
nominally to the desired value. At the end of an optical

link (i.e. prior to the demux in front of the WXC) a tunable

dispersion compensator is used to null out any varia-

tions in the match between the static compensators and

the fiber on that link. Provisions are made for adding

tunable compensators on the drop and add paths of an

OADM node. Preferably, the tunable dispersion com-

pensator has a variable dispersion slop. If static com-

pensators are used, they need to be selected by meas-

uring the net dispersion of the link. The network is also

provided with dispersion measurement capability. It is a

requirement that all wavelengths meet the dispersion

window set for each link.

[0096] In general, post and pre compensation are not

required. If pre/post compensation is howevera require-

ment for some applications, it must be done on the add/

drop side of the WXC, on a per optical path basis (i.e.

wavelength or band). For cases where 100% slope com-

pensated DCMs are not available, a slope correction

may be done by utilizing a tunable dispersion compen-

sator with a fixed, but selectable slope.

[0097] If the optical path continues on after the drop

side of the switch/OADM, as for example in the case of

a distributed POP or a remote node off an OADM, these

spurs must be treated as separate optical links and the

10
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dispersion and optical powermust be managed on each

such optical link so that the net dispersion per km target

is met.

[0098] Preferably, each optical link of network 20 uses

a single fiber type. The dispersion map will thus be con-

sistent on each optical link. Since there are multiple fiber

types in a given network, it is a requirement that different

fiber types be supported on either side of a WXC, but

not an OADM. Thus, an optical path may traverse net-

worksegments with at least two different fiber types. An-

other mixed fiber type scenario that must be supported

is that of a fiber reseller where the spurs (0 to 30 km

long) are one fiber type (typically SMF) and the trans-

mission fiber is another (typically LEAF). In this case,

the dispersion compensators will be selected to meet

the net dispersion targets of the,transmission fiber type

and the resultant slope mismatch on the spurs will be

ignored. This will have a small negative impact on the

reach in these applications.

Modulation Format

[0099] The preferred modulation formats are NRZ
and RZ options. A discreet version of the RZ transmitter

and an NRZ T/R module may be used, as appropriate.

[01 00] The line.format includes an out of band forward

error correction (FEC), used to reduce the required sys-

tem Q. One variant may use a 7% FEC based on the

OTN standard which has a coding gain of 5 to 6 dB (i.

e. a raw Q of 4 for a BER corrected of 1
0"15

). Other var-

iants may use more aggressive FEC with an overhead

in the range of 12% to 25% and a coding gain of 9 to 1

2

dB (i.e. a raw Q of 2 to 3 for a corrected BER of 1
0-15

).

Claims

1. A WDM network for routing a channel from an input

node to an output node through an intermediate

switching node connected along a transmission

path, comprising:

at said input node, means for multiplexing said

channel into a firstjnulti-channel optical signal

and transmitting said first multi-channel optical

signal over said path;

at said intermediate node, awavelength switch-

ing subsystem WSS for routing, said channel

from said first multichannel optical signal into

a second multi-channel optical signal without

OEO conversion, and transmitting said second

multi-channel optical signal over said path; and

at said output node, means for demultiplexing

said channel from said second multi-channel

optical signal.

2. A network as claimed in claim 1 , further comprising

an optical line sub-system for connecting all nodes

5 451 A2 20

of saidWDM network, forconditioning a multi-chan-

nel signal traveling on said path, said optical line

subsystem comprising one or more optical amplifi-

cation modules, distributed at one or more amplifier

s sites.

3. A network as claimed in dam 2, wherein an optical

amplification module comprises a Raman amplifier

configured as a distributed counter-propagating

10 preamplifier, an erbium doped fiber amplifier EDFA
configured as a multi-stage amplifier with mid-stage

access and means for maintainingan optimal power

profile for said multi-channel optical signal.

15 4. A WDM network as claimed in claim 2 or 3, further

comprising:

an optical service channel connecting all said

nodes and said line subsystem; and

20 an intelligent network operating system for se-

lecting said transmission path, controlling said

input node, said output node, said intermediate

nodes and said line subsystem to route traffic

along said path, and monitoring and controlling

25 performance of said path over said optical serv-

ice channel.

5. A WDM network as claimed in claim 4, furthercom-

prising:

30

an optical trace subsystem distributed on all

card-packs of said WDM network for gathering

network topology information; and

a trace connection for communicating said net-

35 work topology information between said optical

amplification modules, said network nodes and

said intelligent network operating system, for

network topology auto-discovery.

40 6. A network as claimed in claim 4 or 5, further com-

prising a plurality of optical spectrum analyzers

OSA, each connected to multiple selected points at

said amplifier sites and said nodes, for monitoring

signal power, gain and wavelength of the channels

45 in said multi-channel signal and communicating

same to said intelligent network operating system

for performance monitoring of said path.

7. Apparatus for a node of a WDM network, the appa-

so ratus comprising:

an input port for receiving a first multi-channel

optical signal, and an output port for transmit-

ting a second multi-channel optical signal;

55 a broadband optical receiving terminal for re-

ceiving a drop channel and recovering a drop

user signal from said drop channel;

a drop tree for broadcasting said first multi-

11
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channel optical signal over a plurality of drop

routes, selecting a drop route and routing said

drop channelfrom said input port to said broad-

band optical receiving terminal; and

a wavelength switching subsystem WSS for

routing a passthru channel from said first multi-

channel optical signal into said second multi-

channel optical signal, in optical format.

8. Apparatus for a node as claimed in claim 7, further

comprising:

a tunable transmitting terminal for modulating

an add user signal over an add channel; and

an add tree, for routing said add channel from

said tunable transmitting terminal into said sec-

ond multi-channel optical signal.

9. Apparatus for a node as claimed in claim 7 or 8 t

further comprising:

a regenerator for receiving from said drop tree

a second passthru channel of said first multi-

channel optical signal, OEO processing said

second passthru channel, and outputting an

OEO processed passthru channel; and

an add tree for routing said OEO processed

passthru channel from said regenerator into

said second multi-channel optical signal.

10. Apparatus for a node as claimed in any of claims 7

to 9, wherein said drop tree comprises:

a first drop stage for dividing said first multi-

channel signal into a firstcomponent signal and

a second component signal and for dividing

said second component signal into V first-

stage fractions;

a second drop stage for blocking a set of chan-

nels from each said first^stage fraction, to pro-

vide a first filtered fraction, and further dividing

each said first filtered fraction into 'm' second-

stage fractions;

a third drop stage for blocking a subset of chan-

nels from each said second-stage fraction, to

provide a second filtered fraction, and directing

each said second filtered fraction to *p* tunable

fitters for selecting said drop channel.

11. Apparatus for a node as claimed in claim 8, or in

claim 9 or 1 0 when dependent on claim 8 wherein

said add tree comprises:

a third add stage for grouping 'p' add channels

into a second-stage fraction, and providing m
such said third-stage fractions;

a second add stage for combining said *m' sec-

ond-stage fractions into a first-stage fraction

and blocking all channels that do not belong to

said first-stage fraction, and providing 'k* said

first-stage fractions; and
a first add stage for combining said 'k* second-

5 stage fractions into said second multi-channel

signal.

12. Apparatus for a node as claimed in claim 8 or any

of claims 9 to 11 when dependent on claim 8, where-

io in said broadband optical receiving terminal and

said tunable transmitting terminal are assembled in

a colorless transceiver.

13. Apparatus for a node as claimed in any of claims 7
f5 to 12, wherein saidWSS is a wavelength cross-con-

nect WXC with V input ports and *w* output ports,

comprising:

for each input port, a line splitter for broadcast-

20 ing a respective first multi-channel optical sig-

nal associatedwith said input port, over*/ input

connections;

for each output port, a line combinerconnected

to said output port for assembling a respective

25 second multi-channel optical signal associated

with- said output port, from y output connec-

tions;

x • y switching elements, a switching element

provided on a route linking an input connection

30 to an output connection for selectively allowing

an associated passthru channel to pass along

said route;

wherein said routes provide full connectivity

35 between each input connection and all output ports

,

and each output connection and all input ports, and

wherey is the maximum number of passthru chan-

nels in any input multi-channel optical signal.

40 14. Apparatus for a node as claimed in cjaim 13, where-

in said switching element comprises a blocker for

selectively allowing a wavelength of said associat-

ed passthru channel to pass from said input port to

said output port.

45

so

55

15. Apparatus for a node as claimed in cfaim 8 or any

of claims 9 to 12 when dependent on claim 8.where-

in saidWSS is an optical add-drop multiplexer, com-

prising:

a configurable optical add/drop multiplexer

COADM for routing a passthru channel from

said first multi-channel optical signal into said

second multi-channel optical signal and routing

said drop channel to said drop tree; and

a combiner for inserting said passthru channel

and an add channel received from said add tree

into said second multi-channel optical signal.

12
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16. A method of routing a communication channel from

an input node to an output node through an inter-

mediate switching node connected along a path

comprising:

at said input node, multiplexing said channel in-

to a first multi-channel optical signal and trans-

mitting said first multi-channel optical signal to

said intermediate node;

at said intermediate node, switching said chan-

nel from said first multi-channel optical signal

into a second multi-channel optical signal with-

out OEO conversion, and transmitting said sec-

ond multi-channel optical signal to said output

node;

at said output node, demultiplexing said chan-

neffrom said second multi-channel optical sig-

nal; and

controlling operation of said input node, said

output node and said intermediate node at the

physical layer using a smart line system SLS

and at the network layer using an intelligent net-

work operating system INOS.

17. A method as claimed in claim 1 6, wherein said step

of controlling comprises:

providing a predefined power per channel

mask;

measuring the optical power of said channel in

selected points along said transmission path;

and
adjusting the gain of said channel for obtaining

a power profile for said channel substantially

similar to said mask.

10

15

20

21.

25

30

35

input node and connecting a new output client

interface to said second output node;

remotely requesting activation of said new
channel by a point and click operation on a

graphical user interface GUI of said INOS;

at said INOS ,
attempting to establishing a direct

all optical route for said new channel, based on

current network topology information and cur-

rent optical layer performance information;

providing wavelength conversion at said inter-

mediate node :
if said direct all optical route is

not available;

providing signal regeneration if said direct all

optical route is available, but current optical lay-

er performance information indicates that an

updated optical layer performance for,said new

channel falls below said threshold values; and

lighting said optical path by wavelength tuning

a transmitter at said new interface and appro-

priate switching at said intermediate node, un-

der supervision of said INOS.

A node for aWDM network comprising the appara-

tus of any of claims 7 to 15, or arranged to carry out

the method of any of claims 1 6 to 20.

22. A method of offering to users a data transmission

service over theWDM network of any of claims 1 to

6, or over the node of claim 21

.

23. A method of transmitting data by a user over the

WDM network of any of claims 1 to 6, or over the

node of claim 21

.

1 8. A method as claimed in claim 1 7, wherein said step

of adjusting is performed using gain and powercon-

trol loops.

19. A method as claimed in any of claims 16 to 18,

wherein said INOS switches said channel from said

input port to a drop port for regeneration, and

switches the regenerated channel to said output

port when said channel cannot reach said power

profile.

40

45

20. A method as claimed in any of claims 16 to 1 9, fur-

ther comprising, for adding a new channel between

said input node and a second output node connect-

ed on said path downstream from said intermediate

node:

so

establishing a target reference path and set-

ting-up the performance parameters for said 55

reference path and threshold values for said

performance parameters;

connecting a new input client interface to said

13
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